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(54) EMULSION POLYMERIZATION PROCESS 



(71) We, KAO SOAP CO. LTD., a 
Japanese Company, of 1,1-chome, Nohon- 
bashi-Kayabacho, Oruo-ku, Tokyo 103, Japan, 
do hereby declare the invention, for which we 
5 pray that a Patent may be granted to us, and 
the method by which i t rs to be pe rf ormed, to 
be particularly described in and by the follow- 
ing statement:*— 
The present invention relates to a process 

10 for preparing a vinyl polymer by the emulsion 
polymerisation of vinyl monomers. More 
specifically, the present invention relates to a 
process in which a specific nx mionlc surfactant 
is used as an emulsifier. The nonronic surf ac- 

15 rant is prepared by adding 30 to 100 mols of 
an alkytene oxide to 1 moli of a polyhydric 
alcohol having 3 to 10 functional hydroxy! 
groups and then esterifying the resufant com- 
pound to introduce 1 to 2 mols of an acyi 

20 group having 6 to 22 carbon atoms. 

Polymers which can be prepared industrially 
by means of emulsion polymerization include 
polyvinyl chloride, synthetic rubbers, poly- 
acrylic acid esters, pdymethacrylic acid ester, 

25 polyvinyfidene chloride, polychloraprene and 
copolymers thereof. The aforementioned poly- 
mers can be recovered from the emulsions m 
the forms of moldable plastics or rubbers, or 
they can be used in the emulsified state for 

30 adhesives, paper processing, fiber processing 
or other general industrial uses. 

Anionic surfactants, such as sulfates of long 
chain alcohols, ai&yibenzene sulfonates and 
soaps, and nornumc surfactants, such as poly. 

35 oxyethylenealkyl ethers, polyoxyemylenealkyl- 
phenyl ethers, polyoxyethylenesorhitan fatty 
acid esters or polyoxyethylene fatty add esters, 
have been used as emulsifiers in emulsion poly- 
merization, either singly or in mixtures with 

40 anionic and nomonic surfactants. 

The particular emulsifier used in the emul- 
sion polymerization process exerts a significant 
influence not only on the initiation and pro- 
pagation reactions of the polymerization, but 

45 also on the stability of the emulsion prior to 
polymerization, and further on the mechanical 



and chemical stability of the emulsion when it 
is frozen or stored. 

In general, anionic surfactants have high 
emulsifying ability and the resin emulsions 50 
formed by the use of such anionic surfactants 
have superior mechanical stabilities. However, 
the anionic surfactants have disadvantages in 
that if polyvalent cations, such as calcium 
ions, afurnMum ions, magnesium ions or 55 
barium ions, are present in the emulsion, in- 
soluble salts are formed which tend to demul- 
sify the systems. Consequently, it is difficult 
to use an anionic surfactant as the emulsifier 
when the emulsified resin is to be used with a 60 
filler material such as an inorganic pigment or 
a metal salt or oxide. It is preferable to use a 
nonionic surfactant in the latter case* 

As wall be understood from a consideration 
of their molecular structures, the nonionic sur- 65 
faotants are not as sensitive to the presence 
of ions as are the ionic surfactants, and they 
have higher chemical stabilities than the ionic 
surfactants. However, a large amount of agglo- 
merated products tend to be formed during 70 
the polymerization reactions and the mechani- 
cal stability of the resulting resin emulsion is 
not satisfactory when polyoxyemylenealkyl 
ethers, polyoxyethylene fatty acid esters, or 
rwlyoxyethylenesorbitan fatty acid esters are 75 
used as the emulsifier for emulsion polymeri- 
zation. On the other band, the amount of the 
agglomerated products formed is small- and 
the resultant resin emulsion is superior in its 
mechanical and chemical stabilities when a 80 
T^yoxyemylenealkylphenyl ether is used as the 
emulsifier for emulsion polymerization. For 
this reason, polyoxyemylenealkyjphenyl ethers 
have been preferred for use as the emulsifiers 
for the emulsion polymerization of vinyl mono- 55 
iners. 

However, in recent years waste water pro- 
cessing has become a serious problem and 
the oil content and the COD value of the waste 
water is strictly regulated. Polyoxyethylene- qq 
alkylphenyl ethers, winch have been conven- 
tionally used as emulsifiers for emulsion poly- 
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merization, have benzene nuclei in their ryo- 
phdlic portions and they are extremely difficult 
to decompose by microbiological; attack. In 
order to remove or recover the same from the 
waste water, bulky and expensive equipment is 
required. Moreover, it is undesirable to dis- 
charge non-decomposed aikylphenols, which 
are poisonous, into bodies of waiters, such as 
lakes, rivers and seas. For this reason, the use 
of nonylphenol has been discontinued in Euro- 
pean countries. A new nonionic surfactant is 
required which can be used in place of the 
polyox^mylenealkylphendl ethers. 

We have discovered a nonionic surfactant 
which can be easily decomposed by micro- 
organisms and which can be used effectively 
as the emulsifier in emulsion polymerization to 
prepare a resin emulsion which has good 
•mechanical and chemical stability. We have 
found that only a small amount of agglomer- 
ated products are formed during polymeriza- 
tion reaction and a resin emulsion of low 
viscosity and having good mechanical and 
chemical stability can be obtained by the use 
of a nonionic surfactant having a particular 
molecular structure as die emulsifier for the 
emulsion polymerization. 

Specifically, the present invention provides 
a process for preparing a vinyl polymer by 
emulsion polymerization which comprises 
emulsifying a vinyl monomer m water with a 
non-ionic surfactant as emulsifying agent, and 
subjecting die emulsion to condMons effective 
to polymerize the monomer, wherein the non- 
ionic surfactant has been prepared by adding 
30 to 100 mods of alkylene oxide to one mod 
of a polyhydric alcohol having 3 to 10 func- 
tional hydroxy! groups, and esterxfying said 
alcohol to introduce from one to 2 mols of an 
acyi group having from 6 to 22 carbon atoms. 

The acyi group is preferably a straight- 
chain aliphatic acyi group. 

Preferred emul sifters for use in the inven- 
tion are long chain fatty acid esters which are 
addition products of polyhydric alcohols to 
polyalkylene oxides, as set forth in the follow- 
ing formula (1) 

O 

II 

^-(O^RM^-^R'-O-^O C R s ) p 



\ 



-(O-^R'-CM — (-R 2 -0-)- O H) a 



(1) 



In the above formula, A is an aliphatic or 
alicyclic polyhdric alcohol residue having 
hydroxyl groups; wherein p and q are 
numbers defined by me relations 3<p+q 
^10 and l<p<2; R> and R a are aSylene 
having 2 to 4 carbon atoms, and can be the 
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same or different; R 3 is alkyi or alkenyl having 
5 to 21 carbon atoms; and m and n are num- 
bers defined by the relation 30<(m-f n) x 
(p+q)<100. ' 

The polyhydric alcohols used in the present 
invention include Cs— d 0 polyhydric alcohols 
which are derived from natural saccharides 
such as glycerin, adoahe, eiythrite, rhamnose, 
mamutd, sorbitol, dulcitol or inositol, syn- 
thetic polyafcohols and ^saccharides such as 
sucrose. Ethylene oxide, propylene oxide or 65 
butyiene oxide is added, singly or in com- 
bination, to each of the hydroxyl groups there- 
of an the molar ratio of 30 to 100 mods, pre- 
ferably 30 to 80 mote, of the alkylene oxide 
per one mol of the starting polyhydric alcohol 70 
by the conventional method. One or two of the 
terminal hydroxyl groups of the resultant poly- 
alkyieneoxide adduct are esterified with a long 
chain fatty add having 6 to 22, preferably 14 
to 18, carbon atoms, whereby the compounds 
having the Formufa-1 are formed. Alterna- 
trvely, the same compounds can be produced 
by first esterifying die pedyhydric alcohols and 
then adding the desired alkylene oxides to the 
esterified polyhydric alcohols. 

While the esters of the long chain fatty 
aads and the pcdyalkyieneoxide adduces of the 
polyhydric alcohols, according to the present 
invention, can be synthesized by the generally 
known method as mentioned above, a detailed 85 
description of the synthesis method will be 
given hereanbelow. 



In general, the conventional method can be 
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— j 7 , , <y**uiw>u?iHg me poiyamyiene- 
oxide adducts of the polyhydric alcohols, which 90 
adduct can be used as the intermediate for 
preparing the aforementioned emulsifiers 
However, the following process is recommend- 
ed when the starting polyalcohols are not 

melted or trend to change their chemical struc- 95 
tures by complex reactions, such as intra- 
molecular or intermolecular dehydration or de- 
composition, under the normal reaction condi- 
tions for adding die alkylene oxides, such as 
would i be the case for sucrose. Hie recom- 100 
mended process comprises the steps of dis- 
persing the starting polyhydric alcohol in a 
solvent such as toluene or xylene, adding a 
camrnevnty used basic catalyst such as sodium 



hydroxide, and then adding'the desired amount 105 
of an alkylene oxide at room temperature 
under pressure whereby to obtain an adduct 
In the alternative process, an alkylene oxide 
can be added to a polyhydric alcohol using 
a basic catalyst and a reaction medium such no 
as water, ethylene glycol or glycerin. The 
amount of the reaction medium employed is 
as small as possible, provided that the re- 
action mixture is in liquid form at the reaction 
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In the latter process, it 
is necessary to add an excess amount of the 
alkylene oxide wherein the excess is equivalent 
to the amount of the alkylene oxide that com- 



bines with the reaction medium in order that 
the desired amount of the aflcyiene oxide is 
added to the polyhydric alcohol. 
The polyalkylene oxide adduct of the poly- 
5 hydric alcohol is then esterified with a long 
chain fatty acid by means of a conventional 
esterification method using a basic catalyst. 

As described above, the emdsMer used in 
the present invention can also be synthesized 
10 by the process of preliminarily synthesizing a 
long chain fatty acid ester of a polyhydric 
alcohol, and then adding an alkylene oxide to 
the resultant product. 
The thus obtained nonionic surfactants have 
15 extremely improved properties in comparison 
with the conventional emulsifiers consisting of 
any of the known nonionic surfactants. The 
enrulsffier used in the present invention exerts 
a strong emulsifying activity when used in the 
20 emulsion polymerization of monomers having 
vinyl bonds and has die advantages that the 
amount of die lumps or agglomerates formed 
during the polymerization reaction is extremely 
small, the formed resin emulsion is stable 
25 enough to score for a long time and 
die resin emulsion has superior 
chemical and mechanical stability and low 
viscosity. It is considered that tie above- 
mentioned advantageous characteristics of die 
30 Formulas— il emulsifier are closely related to 
the molecular structure thereof winch is differ- 
ent from those of the conventionally known 
nonionic emulsifiers. In structural terms, the 
emulsifier used in the present invention has 
35 a molecular structure wherein a long chain 
alkyl group forms a stem, and wherein the 
polyhydric alcohol residues form rivets from 
which the polyalkylene oxide groups extend 
in fan-like fashion, the polyhydric alcohol 
40 residues being interposed between the stem 
made of the alkyl chain and the rivets made 
of the polyhydric alcohol residues to form in- 
termediate portions which combine the stem 
portion with the rivet portions. Due to this 
45 particular molecular structure, the emulsifier 
used in the 'invention exerts a strong dispersing 
activity which would not be expected from 
the known nonionic surfactants. la contrast to 
•the emulsifier used in the present invention, 
50 polyoxyeAylenesorbitan fatty acid ester can- 
not sufficiently adsorb the dispersed phase be- 
cause of steric hindrance and hence it does 
not exert a sufficiently strong dispersing 
activity, because it is prepared by first esteri- 
55 fying sorbitol and then adding ethylene oxide 
so that the alkyl group thereof is directly 
combined with the polyhydric alcohol residues 
to cause steric hindrance, even though it has 
a stem made of an alkyl rhmn^ rivets made of 
60 polyhydric alcohol residues and the fan-like 
extensions made of polyalkylene oxide groups. 
In fact, as. will be illustrated in the following 
Reference Examples, if the conventional poly- 
oxyethylene sorbitan ester is used in emulsion 
65 polymerization, the formed polymers will 
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agglomerate during the polymerization reac- 
tion so that a stable polymer emulsion cannot 
be formed. 

Nonionic surfactants having an HLB value 
of 13 to 17 are commonly used as the eraul- 
sifiers for emulsion polymerization. According 
to the present invention, emulsifiers having an 
HLB value of more than 13 can of course be 
employed for emulsion polymerization, and 
those having an HLB value of 17 to 19 are 75 
preferably employed, because they have the 
characteristic structures as mentioned above. 

It has been impossible to form a stable emul- 
sion using any conventional surfactants having 
a very high HLB value, for example higher 
than 17. In this connection, the present in- 
vention makes it possible to form an emulsion 
possessing advantageous properties even when 
there is used an emulsifier having such a high 
HLB value. 

The emulsifiers used in the present inven- 
tion can be usee} either singly or in combina- 
tjon, and they can also be used in combina- 
tion with any of the conventionally known 
surfactant emulsifiers. 

Alkylene oxides preferably used in the pre- 
sent invention include ethylene oxide, propyl- 
ene oxide and butylene oxide, the most prefer- 
able ones being ethylene oxide and propylene 
oxide. 

An appropriate reaction rate can be attained 
when die nonionic surfactant of the present in- 
vention is used for emulsion polymerization 
in the same fashion as in the case when a 
conventional nonionic surfactant is used. Ac- 100 
cordingly, the existing polymerization system 
and technique can be used without any altera- 
tion. 

In similar manner to die conventional non- 
ionic surfactants, die nonionic surfactant used 105 
as the present invention can be used together 
with any effective ionic surfactant. 

The present invention will now be described 
with reference to Preparations and Examples 
embodying die present invention. The prepara- 110 
tions marked "invention" provide emulsifiers 
suitable for use in the invention, those marked 
"control" do not. 

It will be appreciated that the process of 
making the emulsifier used in the present 115 
invention is not limited to the synthesizing 
processes described in the following illustra- 
tive Preparations. Although emulsion poly- 
merization of aery late monomers is mainly 
shown in the following Examples for purposes 120 
of illustration, the present invention is not 
limited to emulsion polymerization of those 
monomers. 

Preparation 1 (control) 

191.6 g of 95% aqueous solution of sorbitol 125 
(containing 1 mol of sorbitol) was put into a 
five liter pressure reaction vessel equipped with 
an agitator, and 2 g of NaOH, which acts as 
the catalyst, was added thereto. Ethylene oxide 
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was successively added into the vessel at 130° 
to 140° C under a pressure of 3 to 5 kg/ 
cm a G until 1,036 g of ethylene oxide was 
reacted with the sorbitol to obtain 1^225 g of 
5 the reaction product which contains POE(20) 
sorbitol as the main component lite reaction- 
product was a viscous liquid of tight yellow 
color which had an OH value of 323 (Caicd. 
value: 317). 

10 1,000 Grams of tire thus-obrained POQB- 
(20) sorbitol '(combining 0.816 mols of sor- 
bitol') and 269 g (0.959 mols) of oleic acid 
was put into a four-neck reaction flask of 
two liter volume, and the dehydration-and- 

15 esterificatioD reaction was conducted at 200° 
to 230° C. until an acid value of less th?n 1 
was attained while a small amount of nitrogen 
gas was contmuously blown into the flask. 
Then, 2.7 g of phosphoric acid was added to 

20 die mixture and the mixture was agitated for 
an additional 1 hour and thereafter neutralized 
and filtered to obtain 1,245 g of PEO(20) 
sorbitol monoolric acid ester which was a light 
brown transparent liquid. The resultant ester 

25 had an add vahie of 2.2, a saponification 
value of 42.9 and an OH value of 215.0. 



Preparation 2 (Invention ) 

1,743 Grams of POE(30)sorbkol was form- 
ed similarly as in Preparation 1 except that 
the added amount of ethylene oxide was 
changed to 1,5*54 g. The resultant POE'30) 
sorbitol was a light yellow, viscous liqufa'and 
had an OH value of 230 (Calcd. value: 224) 
1,268 Grams of POQS(30)sorbitol sesquioledc 
acid ester was obtained by means of an esteri- 
fication process similar to the one described 

Sn.S^f 3 ^ 011 1 ^^P 1 *« IjOOO g of the 
POE(30)sorbitol (containing 0.574 mols of 
sorbitol) was allowed to react with 284 z 
(1.013 mols) of oleic acM, and that die reac- 
tion mixture was neutralized with 1.9 g of 
phosphoric acid. The resultant ester was a 
flgjn brown transparent liquid having an add 

ac va ™? f 2 /°> a saponification value of 44.9 and 
45 an OH value of 135.8. 



Preparations 3 to 5 (Invention) and 6 (Con- 
trol ) 

Following the same procedure described in 
*n fj^*** 011 1 that the added amounts 

W of ethylene oxide were changed, respectivdv, 
POE(tf0)sorbitd having an OH^ahie of 
122.2 and POE(100)sorbitol having an OH 
value of 75.2 were formed. 
Then, following the same esterification pro- 
D:> c «»«rc descr&ed in Preparation 1 except that 
■*L ra P° b y ™*&*t of each of the 
FOB(n)sorbitols and oleic acid was changed 
and that the amount of the added neutraliz- 
ang phosphoric acid was changed, the follow- 
°0 mg esters were formed. 



Preparation 3: (Invention) 
POE(60) sorbitol sesquioleic add ester 
Acid value: 1.8, 
Saponfficatron Value: 25.7, 
OH Value: 79.8 

Preparation 4: (Invention) 
POE(100)sorbitd sesquiddc add ester 
Acid Value: 1.0, 
Saponification Vahie: 17.0, 
OK Value: 51.3 

Preparation 5: (Invention) 

POE(oX))sorbitol dioleic acid ester 
Add Value: 1.6, 
Saponification Value: 33.5, 
OH Value: 68.9 

Preparation 6: (Control) 
POE(60)sorbitd trioleic add ester 
Acid Value: 1,8, 
Saponification Value: 46.3, 
OH Value: 47.8 

Preparations 7 and 8 (Invention) 

Following the same procedure described hi 
Preparation 1 except for changing the added 
amount by weight of the ethylene oxide, 
POE(40)sorbitol having an OH value of 178,2 
was formed. 

The esterifi cation reaction was the same as 
in Preparation 1 except that lauric acid was 
used in place of oMc add and the added 
amounts of the POE(n) sorbitol and neutraliz- 
ing phosphoric add were changed, whereby 
the following esters were fc 
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ilauiic acid ester 



Preparation 7: 
POE(40)sorbitol 
Add Value: 2.0, 
Saponification Value: 32,9, 
OH Vahie: 1243 

Preparation 8: 
FOE(60)sorbitol sesquflauric add ester 
Add Value: 1.5, 
Saponification Value: 23.2, 
OH Value: 88.4 
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Preparation 9 ( Invention ) 

Synthesis of POE( 50) glycerin monolauric 
add ester. 

1 Gram of caustic soda, which acted as the 
catalyst, was added to 92 g of glycerin, and 
then 2£00 g of ethylene oxide was reacted 
with the glycerin under the reaction conditions 
as in Preparation 1 to obtain; 2,286 g of jjq 
POE(50) glycerin which was a colorless, trans- 
parent liquid having an OH value of 74.8. 

1,000 Grams of the resultant POE)(50)- 
glycerin was then reacted with 87.7 g of 
lauric add in the same manner as the esteri- \ 15 
fication process described in Preparation 1 
except that 15 g of activated clay was used in 
place of phosphoric add, whereby 1,060 g of 
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POE(50)giycerin monoiauric acid ester was 
obtained. The resultant ester had an add value 
of 0.7, a saponification value of 22.4 and an 
OH value of 46.3. 

Preparation No. 10 (Invention) 

Synthesis of POE(60) saccharose sesquiiauric 
acid ester. 

In a five ftter pressure reaction vesseel, 
2,640 g of ethylene oxide was successively 
added to and reacted with 342 g (1 mod) of 
saccharose dispersed in 350 ml of xylene in 
the presence of 1 g of metallic sodium catalyst 
at 130° to 140° C. under a pressure of 3 to 
5 kg/cm'G. The xylene was cSstQiled off at 
100° to 120° C. under reduced pressure of less 
than 5 mmHg to obtain 2,980 g of POE(60)- 
saccharose which was a yellow, viscous liquid 
having an OH vahie of 152.5. 

1,000 Grams of the resultant POE(60)- 
saccharose was then reacted with 101 g of 
1 auric acid in the same fashion as described 
in the esterification process of Preparation 1 
except that 1.0 g of phosphoric acid is used 
for neutralization, whereby 1,088 g of POE- 
(60)saccharose sesquiiauric acid ester was 
obtained. The resultant ester had an acid value 
of 1.4, a saponification value of 25.3 and an 
OH value of 114.0. 



Preparation 11 ( Invention ) 

30 Synthesis of POP ( 1 0) ^POE(50) sorbitol 
sesqtdolek acfd ester 

In a five Jitter pressure reaction vessel, 683 
g of propylene oxide was reacted with a mix- 
ture consisting of 191.6 g of 95% aqueous 

35 solution of sorbitol and 2 g of caustic soda, 
which acted as the catalyst, at 110° to 120° 
C. under a pressure of 2 to 4 kg/cm 2 G, and 
then 2,590 g of ethylene oxide was reacted 
therewith at 130° to 140° C. under a pressure 

40 of 3 to 5 kg/cm 2 G to obtain 3,460 g of POP- 
(10)u-POE(50)sorbitol which had an OH 
value of 116.2. 

Following the same esterification process as 
described in Preparation 1 except that the 

45 ratio by weight of the POP(IO)— 4POE('50)- 
sorbitwl and oleic arid was changed and the 
amount of the neutralizing phosphoric acid 
was changed, POP(10)-^POE( , 50)sorbitol 
sesquioleic acid ester was formed which had an 

50 add value of 1.3, a saponification value of 25.0 
and an OH value of 77.0. 

Examples. 

Polymerization formulation (Parts by Weight) : 

■ .1, 1 

Monomer 100 
55 Emulsifier 5 
(Anionic surfactant in Examples 
10 and Control Example 4) 04 
Potassium persulf ate OA 
NaHSOa 0.05 
60 Deionized Water 150 



Operation of Polymerization: 

The emulsifier was put into a four-neck 
flask and deionized water was added to dis- 
solve same therein. After completely replacing 
air on the system with nitrogen, KPS was added 65 
to die reaction mixture and agitated for 30 
minutes under a nitrogen gas stream and then 
10 parts by weight of the monomer was added. 
After the temperature of the reaction system 
was raised to 50° C, 10 g of 0.5% aqueous 70 
solution of NaHS0 3 was added and then the 
temperature of the system was adjusted to 
60° C The remaining 90 parts of the mono- 
mer were added to the reaction mixture in. 
dropwise fashion over a period of 1 hour. After 75 
completion of dropwise addition of the mono- 
mer, the mixture was aged at 60° C. for an 
additional 1 hour. Hie agitation speed was 
400 rpm throughout these operations. 

Evaluation of Polymerisation: 80 

1) Polymerization stability 

After completion of polymerization, the re- 
sultant latex was filtered through a metal net 
of 10 mesh size (JIS), and the agglomerated 
product was removed, washed with water, dried 85 
and weighed. The weight of die agglomerated 
product was converted into a percentage, based 
on the weight of the monomer and that per- 
centage is shown in the Table under me head- 
ing 'Tolymerization Stability". The smaller is 90 
the value under this heading, the more stable 
is the polymerization, i.e., fewer large size 
agglomerates are formed. 



2) Viscosity 

TTie same latex as used in item 1) was sub- 
jected to a viscosity measurement at 25° C. 
with a BrookfieM viscometer. 



95 



3) Particle Size 

Droplet size was measured by a simplified 
turbidity measurement. The polymer emulsion 100 
was diluted to have a polymer content of 0.1 
wt.%, and the turbidity of the cButed emul- 
sion was measured using the Model UV — 200 
turbidimeter manufactured by Shimazu Seisa- 
kusho Ltd. The turbidities of emulsions con- 105 
Gaining droplets of known sizes were measured 
to obtain a calibration curve with respect to 
the droplet size in terms of the turbidity. By 
means of -mis calibration curve, the droplet size 
was determined. 110 

4) pH Value 

The pH value of a 5% aqueous solution of 
the latex was measured. 

5 ) Mechanical Stability 

40 g of the latex was put into a 200 mi 115 
volume tall beaker and agitated at a high speed 
of 4000 rpm for '5 minutes using a laboratory 
mixer. The agglomerated product was filtered 
by a metal net of 100 mesh size (JIS), washed 
with water, dried and weighed. The percent- 120 
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age of die agglomeration product relative to the 
total solids 'is shown. The smaller Is the value 
under this item, the better is the mechanical 
stability of the emulsion. 

6) Conversion Ratio 

After completion of polymerization, a pre- 
determined amount of each latex was picked 
up, dried at 80° C. overnight under reduced 
pressure and then weighed. The conversion 
ratio was determined by comparing the actually 
measured weight to the theoretical value. 

7) Storage Stability 

1 Kg of the polymer emulsion was put into 
1 liter volume bottle of polyethylene and 
allowed to stand at room temperature. The 



stability of the emulsion was evaluated based 
on the length of the time during which die 
emulsion was stable without either forming a 
precipitated polymer which could not be dis- 
persed again or losing its fluidity due to solidi- 
fication of the polymer emulsion into a paste- 
like form. 

The ratings in the table have the following 
meanings: 

1 Stable over 3 months 

2 Stable for 1—3 months 

3 Stable for 1 week to 1 month 

4 Stable for 1 day to 1 week. 

The results of the evaluations mentioned 
above are shown in Table 1. 
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Note : *1 : Emulgen 950 is polyoxyethylene (P - 50) nonylphenyl ether. 
*2: Sodium coconut oil alcohol sulphate. 

*3 : Commercially available ethylene oxide adduct of sorbitol 
fatty acid ester (HLB « 16.7). 

*4: Commercially available ethylene oxide adduct of sorbitol 
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"Tween" is a Registered Trade Mark. 



WHAT WE CLAIM IS: — 

1. A process for preparing a vinyl polymer 
by emuMon polymerization which comprises 
emulsifying a vinyl- monomer in water with 
a nonkrmc surfactant as emulsifying agent, and 
subjecting the emulsion to conditions effective 
to polymerize the monomer, wherein the non- 
ionic surfactant has been prepared by adding 
30 to 100 mols of alkylene oxide to one 
mol of a polyhydric alcohol having 3 to 10 
functional hydroxy! groups, and esterffying 
said alcohol to introduce from one to 2 mals 
of an acyl group having from 6 to 22 carbon 
atoms. 

2. A process as set forth in Claim 1, wherein 
the HUB value of the nomonic surfactant is 
from 17 to 19. 

3. A process as set forth in Claim 1, or 
Claim 2, wherein the acyl group is a straight 
chain aliphatic acyl group. 

4. A process as set forth in Qasm 3, where- 
in the acyl group has from 14 to 18 carbon 
atoms* 

5. A process as set forth in any preceding 
Claim, wherein the alkylene oxide has 2 to 4 
carbon atoms. 

6. A process as set forth in Claim 5, where- 
in the alkylene oxide is ethylene oxide. 

7. A process as set forth in Claim 1, where- 
in the nonrortic surfactant is sequioiate of a 
compound prepared by adding 100 mob of 
ethylene oxide to sorbitol 

8. A process according to claim 1, wherein 
the nomonic surfactant has the empirical 
formula: 



-(-0-(-R 1 O-^ -4-R 2 0-4^ OC-R' ) 



45 



m n 9 

Wherein A is the hydrocarbon residue of an 
aliphatic or alicyclic polyhydric alcohol having 
(p+ q) hydroxyl groups, wherein p and q are 40 
integers defined by the relations 3<(p+q) 
<40 and l<p<2; R 1 and R 2 are alkylene 
having from 2 to 4 carbon atoms and can be 
the same or different; R 3 is aJkyl or aikenyl 
having 5 to 21 carbon atoms; and m and n 
are integers defined by the relation 
30<(m+n) (p+q)<100. 

9. A reaction mixture for emulsion poly- 
merization comprising an emulsion of vinyl 
monomer in water containing a podymeriza- 50 
tion catalyst and an emulsifier which is a non- 
ionic surfactant which has been prepared by 
adding 30 to 100 mols of alkylene oxide to 
one mol of a polyhydric alcohol having 3 to 
10 functional hydroxyl groups, and esterifying 55 
said alcohol to introduce from one to 2 mols 
of an acyl group having from <S to 22 carbon 
atoms. 
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